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Investigation  of  polarization  and  spatial  information  recovery 
by  modal  dispersal  and  phase  conjugation 

Optical  phase  conjugation  has  been  investigated  extensively  in  many  areas 
of  nonlinear  optics.  In  particular  it  is  well  known  that  it  can  be  used  to 
correct  phase  distortions  because  of  the  wavefront-reversal  properties  of  an 
incoming  optical  wave.  For  this  reason  the  main  emphasis  has  been  on  the 
study  of  the  properties  of  ordinary  phase-conjugate  mirrors  (PCM's)  that 
reflect  waves  of  a  particular  polarization  (usually  a  linear  polarization).  In 
spite  of  the  usefulness  of  the  ordinary  PCM's,  however,  they  cannot  be 
applied  to  the  cases  where  the  distortions  include  optical  anisotropies  by 
which  incident  waves  suffer  from  polarization  scrambling  as  well  as  phase 
distortions.  This  is  caused,  for  example,  by  the  induced  birefringence  in 
high  power  optical  amplifier  stages,  and  by  the  strong  intermodal  coupling 
in  multimode  fibers.  These  call  for  phase  conjugation  of  both  polarization 
components  of  the  beam. 

We  have  investigated  theoretically  and  experimentally  on  polarization  and 
spatial  information  recovery  by  modal  dispersal  and  phase  conjugation. 

T^e  scheme,  which  consists  of  a  tandem  combination  of  a  multimode  fiber 
and  a  photorefractive  self-pumped  PCM*  (see  Fig.  1),  uses  the  inherent 
strong  intermodal  coupling  (i.e.,  modal  dispersal)  in  the  fiber  combined 
with  phase  conjugation  of  one  polarization  component  of  the  depolarized 
(i.e.,  mOde-scrambled)  field  emitted  from  the  fiber. 

We  have  found  that  this  scheme  permits  phase  conjugation  of  an  arbitrary 
polarized  wave  in  spite  of  the  elimination  of  one  polarization  component 
(see  Fig.  2).  This  is  because  the  polarization  and  spatial  information  of  an 
input  is  distributed  via  the  strong  intermodal  coupling  among  all  the  fiber 
modes,  and  the  surviving  single  polarization  modes  contain  sufficient 
information  about  the  missing  modes  so  that  the  latter  are  reconstructed 
during  the  reverse  propagation  and  the  intermodal  coupling  in  the  fiber. 

The  fidelity  of  this  phase  conjugation  process  has  also  been  studied.  It  is 
found  that  the  depolarized  noise  associated  with  a  reconstruction  of  the 
original  information  contains  nearly  the  same  amount  of  tlie  total  power  as 
that  of  the  reconstructed  true  phase-conjugate  beam  and  is  distributed 
among. all  of  the  fiber  modes,  indcpciideiuly  of  the  mode  distribution  of  the 
original  input  beam.  Therefore  the  noise  power  per  mode  can  be  negligibly 
small  compared  to  that  of  the  true  phase-conjugate  beam  for  the  input- 
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beam  numerical  aperture  (N.A.)  much  smaller  than  the  fiber's  N.A.  This 
en'ables  the  complete  recovery  of  polarization  and  spatial  information. 

Tlie  concept  of  modal  dispersal  and  phase  conjugation  has  been  applied  to  a 
number  of  novel  applications.  These  include  correction  of  nonreciprocal 
polarization  distortions,  correction  of  lossy  amplitude  distortions,  temporal 
data  channeling  between  beams,  all-optical  beam  thresholding,  and  phase- 
conjugate  fiber-optic  sensors.  There  is  no  doubt,  although  the  scheme  may 
be  somewhat  limited  as  far  as  pictorial  information  processing  is  concerned 
(i.e.,  when  large  N.A.  inputs  are  required),  it  permits  new  signal 
processing  applications  involving  sensors,  gyroscopes,  multichannel 
switching,  and  optical  interconnections. 

*  A  photorefractive  self-pumped  PCM  is  a  simple  and  an  efficient  PCM  but 
works  only  for  a  linearly  polarized  input. 
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Figure  1 .  Schematic  diagram  of  the  fiber-coupled  PCM  for  polarization 
and  spatial  information  recovery.  The  (polarization  and  modal-scrambling) 
multimode  fiber  is  assumed  to  be  linear  with  negligible  loss. 
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Figure  2,  Degree  of  polarization  recovery  p  and  reflectivity  Ri  of  the 
fiber-coupled  PCM  are  plotted  as  a  function  of  the  input  power  Pq  for  the 
three  different  input  polarization  states;  linearly  polarized  (o),  circularly 
polarized  (•),  and  45^  elliptically  polarized  (x). 


